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ABSTRACT
Phytase supplementation increases the availability o f phosphorus in fish diets, and 
dietary protein utilization might be increased as well by lower phytate concentrations in 
phytase supplemented diets. Experiments were conducted to determine if weight gain; 
protein utilization; mineral retention; apparent dry matter, protein and mineral 
digestibility; and phytate degradation in the stomach of channel catfish fed an all-plant- 
protein diet could be improved by phytase supplementation.
Seven diets were tested: a nutrient complete diet (TC) containing 5% fish meal and 
six all-plant-protein diets (T1-T6) that contained minimal levels o f available 
phosphorus (0.16%; total P = 0.57%) and zinc (53.37 ppm), but otherwise met all other 
nutritional requirements o f channel catfish. Phytase was supplemented in diets T2-T6 
to provide 500, 1,000, 2,000, 4,000, and 8,000 units o f phytase activity (FTU) per kg 
diet. All diets were cold pelleted and air-dried.
Fish fed the TC diet had greater weight gain and higher dietary protein retention 
than fish fed T1-T6. Weight gain and dietary protein retention did not differ among 
fish fed T1-T6. Bone ash, calcium, phosphorus, and manganese levels were 
significantly increased with 500, or more, FTU per kg diet. Magnesium content of bone 
was significantly increased at phytase concentrations at or above 1,000 FTU/kg diet. 
Zinc content o f bone was significantly increased at a phytase level o f 8,000 FTU/kg 
diet.
At 8 hours after feeding, apparent digestibility o f calcium and phosphorus was 
improved by phytase supplementation. At 24 hours after feeding, apparent digestibility 
of calcium, magnesium, manganese, and zinc was increased by phytase
ix
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supplementation. Crude protein digestibility was slightly increased at some levels of 
phytase supplementation 24 hours after feeding.
Phytate and phytate intermediates were mainly degraded in the stomach, with the 
greatest reduction occurring within 4 hours of ingestion. Results o f this study indicate 
that a level of dietary phytase supplementation o f 500 FTU/kg diet is sufficient to break 
down phytate and phytate intermediates, increase availability o f dietary minerals, and 
reduce phosphorus loads in fish wastes.
x
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CHAPTER 1 
INTRODUCTION
Phosphorus is a mineral required by fish. In addition to being a major component 
o f the structure o f skeletal tissues, it is an important constituent of nucleic acids and cell 
membranes. Phosphorus also plays an important role in metabolism o f carbohydrate 
and lipid in muscle and tissues, and in various metabolic processes involving buffers 
(Halver 1989).
Food is the main source of phosphorus for fish because the phosphorus content of 
water is low (Hepher and Sandbank 1984). Phosphorus availability is relatively low in 
plant ingredients, such as com, soybean meal, cottonseed meal and wheat middlings, 
because a large amount o f the phosphorus in plant materials is in the form o f phytic acid 
(inositol hexaphosphoric acid), which cannot be digested by fish (Lall 1991). Phytic 
acid, or phytate, is formed by esterification o f myo-inositol, an abundant water-soluble
Figure 1.1. A common structure o f phytate (BASF 1996).
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growth factor in plants, with a maximum of six phosphoric acid groups (Figure 1.1) 
(BASF 1996).
In recent years, water pollution, and the problems of phosphorus discharge from 
fish hatcheries have become widely recognized (Folke and Kautsky 1989). Phosphorus 
released from uneaten food and excreta should be minimized because it enriches the 
aquatic environment and stimulates alga growth (Lall 1991) and because phosphorus is 
currently added, at additional cost, to catfish diets to satisfy dietary requirements. The 
most important cause of phosphorus waste is low phosphorus availability in plant 
ingredients due to the presence of phytate. Practical channel catfish diets usually 
contain ingredients that are relatively high in phytate. Phytate can combine with protein 
to reduce the absorption o f phosphorus, zinc, calcium, iron, and other minerals 
(Richardson et al. 1985; Satoh et al. 1989; Gifford and Clydesdale 1990). The presence 
of large amounts o f phytate can significantly reduce channel catfish weight gain and 
feed efficiency (Satoh et al. 1989).
Phosphorus availability in plant ingredients can be increased by addition of 
phytase to the diet. Phytase is an enzyme that is widespread in nature. It occurs in plant 
seeds, such as cereals and soybeans, and is synthesized by microorganisms, such as 
fungi, bacteria, yeast, and rumen microbes (BASF 1996). Phytase is required for the 
hydrolysis o f phytate to inositol and inorganic phosphate. BASF Corporation produces 
a commercial phytase product (Natuphos™) obtained by fungal (Aspergillus niger) 
fermentation. Natuphos™ 5000 Liquid has phytase activity of at least 5,000 phytase 
activity units (FTU) per gram enzyme. One FTU is defined as the amount of phytase
2
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activity required to liberate one micromole o f inorganic phosphorus per minute from an 
excess of sodium phytate at 37°C and pH 5.5.
Nelson et al. (1971) studied the effects o f supplemental phytase on utilization o f 
phytate phosphorus by chicks with diets containing 0.18-0.24% natural phytate 
phosphorus from com and soybean meal. Phytase was added to the diets at levels from 
1-8 g o f enzyme/kg of diet. Addition o f phytase to the diet produced an increase in 
bone ash content. Chicks utilized hydrolyzed phytate phosphorus from feed ingredients 
as well as supplemental inorganic phosphorus. Pemey et al. (1993) studied the effects 
of dietary phytase on growth and phosphorus utilization of broiler chickens. They 
found that dietary phytase significantly decreased phosphorus excretion and 
significantly increased phosphorus availability in the diet. Simons et al. (1990) showed 
that addition o f the enzyme to low-phosphorus diets for broilers increased the 
availability o f phosphorus to greater than 60% and reduced the amount of phosphorus in 
manure by 50%. Growth rate and feed conversion ratios of chickens fed low- 
phosphorus diets that contained phytase were comparable to or better than growth rates 
and feed conversions obtained with a control diet. Morz et al. (1994) found that 
microbial phytase significantly enhanced the apparent digestibility o f dry matter, crude 
protein, calcium, total phosphorus, and amino acids in pigs. Retention o f nitrogen, 
calcium, and phosphorus was greater and daily excretion o f these substances was 
diminished in phytase-fed pigs. Lei et al. (1993) determined that supplementing 1,200 
FTU/kg diet in com-soybean meal diets maximized phytate phosphorus utilization by 
weanling pigs.
3
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Studies with fish, using phytase-pretreated ingredients or the addition o f phytase to 
the diets o f different species, have produced positive results (Cain and Garling 1995; 
Jackson et al 1996; Eya and Lovel 1997; Li and Robinson 1997; Hughes et al. 1998). 
This study was conducted to determine how phytase supplementation o f an all-plant- 
protein (28% CP) channel catfish diet affects: (1) weight gain, dietary protein 
utilization, and mineral retention; (2) apparent digestibility of protein, dry matter, and 
selected minerals; (3) concentrations o f  phytate and phytate intermediates in diets and in 
feces of fish fed phytase supplemented diets; and (4) rate o f phytate degradation in the 
catfish stomach.
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CHAPTER 2
EFFECTS OF PHYTASE SUPPLEMENTATION ON GROWTH, DIETARY 
PROTEIN UTILIZATION, AND MINERAL RETENTION OF CHANNEL 
CATFISH FINGERLINGS FED AN ALL-PLANT-PROTEIN DIET
2.1. Introduction
Research has been conducted on the effect of phytase-pretreated ingredients in fish 
diets and direct phytase supplementation of fish diets on weight gain, feed conversion, 
protein availability, and mineral retention of several fish species. Spinelli et al. (1983) 
reported that dietary phytate reduced growth and feed conversion o f rainbow trout, 
Salmo gairdneri, by reducing protein availability. Gatlin and Phillips (1989) found that 
1.5% dietary phytate caused a significant reduction in the zinc content of catfish bone. 
Satoh et al. (1989) reported that catfish fed a diet containing 2.2% phytate had 
significantly lower weight gain and feed efficiency than fish fed a diet containing 1.1% 
phytate, and significantly reduced zinc content in vertebrae. Cain and Garling (1995) 
pretreated soybean meal for salmonid diets with phytase to reduce phosphorus 
concentrations in hatchery effluents. Growth rates and feed conversions of fish fed 
diets containing phytase-treated soybean meal were equal to or significantly better than 
those of fish fed a commercial diet. Pre-treatment with phytase increased phosphorus 
availability in soybean meal and released phytate phosphorus that replaced 
supplemental phosphorus in the diet. Lower dietary phosphorus levels resulted in a 
65% to 88% reduction in phosphorus in hatchery effluent. Hughes et al. (1998) found 
that phytase increased dietary phosphorus absorption by striped bass. Eya and Lovell 
(1997) and Jackson et al. (1996) showed that phytase supplementation increased weight 
gain, feed conversion, and phosphorus retention in channel catfish fed 32% crude
6
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protein diets. Jackson et al. (1996) reported that the improvement in weight gain 
appeared to be due solely to the improved utilization of phytate phosphorus because all 
nutrients, except phosphorus, were adequate or in excess.
There have been no studies to determine the effect o f phytase supplementation at 
different levels of inclusion on growth, feed conversion ratio, protein utilization, and 
selected mineral retention of channel catfish fingerlings fed all-plant-protein diets. This 
experiment was conducted to determine how phytase supplementation at levels of 0 -  
8,000 FTU/kg diet in an all-plant-protein (28% CP) diet affected growth and nutrient 
utilization o f channel catfish.
2.2. Materials and Methods
2.2.1. Experimental Diets
The ingredients were ground before use. Soybean and wheat middlings were 
passed through a 0.5 mm screen; fish meal and com were passed through a 1.0 mm 
screen.
Seven diets were formulated to contain 28% crude protein and 9.0 kcal digestible 
energy/g protein. These included a nutritionally complete diet (TC) that contained 5% 
menhaden fish meal, 0.45% available phosphorus, and 200 ppm zinc, and six all-plant- 
protein diets (T1-T6) that contained minimal levels o f available phosphorus (0.16%; 
total phosphorus = 0.57%) and zinc (53.37 ppm), but met all other nutritional 
requirements o f catfish (Table 2.1). The all-plant-protein diets contained soybean meal 
(48.5%), com (25%), wheat middlings (21.6%), menhaden oil (1.5%), and vitamin and 
mineral mixes. Phytase (Natuphos™ 5000 Liquid, BASF, Mount Olive, NJ) was added 
in liquid form to five of the six all-plant-protein diets to provide 500, 1,000, 2,000,
7
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Table 2.1. Nutrient requirements o f channel catfish and nutrient content of the 
experimental diets.
Nutrient Unit Requirement TC* T l—T6b
Protein % 26-32 28 28
Digestible energy kcal/g protein 8-10 9 9
Fat % <6.0 3.93 3.93
Available phosphorus % 0.3-0.4 0.45 0.16
Total phosphorus (P) % Not required 1.01 0.57
Total zinc ppm 200 200 53.37
Available lysine % o f protein 5.1 5.8 5.8
Available lysine % of diet 1.43 1.61 1.61
Available methionine (Met) % of protein 2.3 1.3 1.2
Available methionine (Met) % of diet 0.26 0.37 0.34
Available cysteine (Cys) % of protein Not required 1.3 1.3
Available Met + 60% Cys % of protein 2.3 2.1 2.0
Available Met + Cys % of diet 0.65 0.73 0.71
Available arginine % of protein 4.3 6.9 7.1
Available histidine % of protein 1.5 2.3 2.4
Available isoleucine % of protein 2.6 3.6 3.6
Available leucine % of protein 3.5 6.9 7.0
Available phenylalanine (Phen) % o f protein 5.0 4.2 4.4
Available tyrosine (Tyr) % of protein Not required 3.0 3.0
Available Phen+ 50% Tyr % of protein 5.0 5.7 5.9
Available threonine % of protein 2.0 3.3 3.3
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(Table 2.1 continued)
Nutrient Unit Requirement TC T1-T6
Available tryptophan % o f protein 0.5 1.1 1.1
Available valine % o f protein 3.0 4.3 4.3
Calcium (Ca) % Not required 0.82 0.16
Ca/P ratio Not required 1.8 1.0
Cobalt ppm 0.05 0.05 0.05
Iodine ppm 2.4 2.4 2.4
Selenium ppm 0.1 0.45 0.33
Manganese ppm 25 71.09 69.12
Iron ppm 30 133.55 114.81
Copper ppm 5 18.53 19.16
Thiamin ppm 5.5 11.17 11.00
Riboflavin ppm 13.2 15.38 15.31
Pyridoxine B6 ppm 11 16.35 16.28
Pantothenic acid ppm 35 47.04 47.30
Nicotinic acid ppm 22 62.48 58.94
Folic acid ppm 2.2 2.86 2.87
Vitamin B 12 ppm 0.01 0.016 0.01
Vitamin A IU/kg 1,000 2,200 2,200
Vitamin D3 IU/kg 500 1,100 1,100
Vitamin E ppm 30 61.46 60.49
Vitamin K. ppm 4.4 4.46 4.46
Vitamin C ppm 50-100 250 250
a Nutritionally complete diet. 
b All-plant-protein diets.
9
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4,000, and 8,000 FTU per kg diet (Table 2.2). Phytase supplements were mixed with 
water used to make the diet mash. Diets were cold pelleted, air dried, and stored 
refrigerated at S°C until used.
2.2.2. Husbandry
Four-hundred-and-eighty channel catfish fingerlings were stocked in 48, 40-L 
tanks in two recirculating systems (24 tanks/system; 10 fish/tank) in the laboratory and 
fed a commercial catfish flngerling diet (36% crude protein) for a month prior to 
initiation of the experiment. During this time, fish were slowly switched to their 
assigned experimental diets. Six of the seven diets were randomly assigned to a total of 
seven tanks per treatment, in a randomized complete block design with three tanks 
assigned to one block (system) and four tanks assigned to the other. One diet (T6) was 
assigned to six tanks, three in each block, to fill all o f the 48 available tanks. At 
initiation o f the growth study, fish weight was 12.4 ± 1.2 g. Fish were fed twice daily to 
satiation and weighed every two weeks. Diet consumption was measured at least twice 
per week in each tank by recovering, drying, and weighing uneaten feed. Fish were fed 
for 14 weeks.
2.2.3. Sample Collection and Analysis
At the end o f the experiment, muscle (fillet) was collected from three fish in each 
tank. Vertebrae were removed from fish by the method of Wilson et al. (1982). Three 
whole fish were ground for determination of body composition. Crude protein o f fish 
muscle and ground whole fish, ash content of bone, and gross energy of fish muscle 
were determined by proximate analysis (AOAC 1997). Mineral content o f vertebrae
10
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Table 2.2. Ingredient composition o f the experimental diets. Values are percent o f diet, 
as-fed, except as noted.
Diet
Ingredient TC Tl T2 T3 T4 T5 T6
Soybean meal (49% CP) 40.8 48.6 48.6 48.6 48.6 48.6 48.6
Com, grain 25.0 25.0 25.0 25.0 25.0 25.0 25.0
Wheat middlings 24.2 21.6 21.6 21.6 21.6 21.6 21.6
Fish meal, menhaden 5.0
Cellulose 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Carboxymethylcellulose 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Vitamin premixa 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Mineral premixb 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Fish oil, menhaden 1.1 1.5 1.5 1.5 1.5 1.5 1.5
Dicalcium phosphate 1.4 1.4 1.4 1.4 1.4 1.4 1.4
Zinc sulfate heptahydrate 0.06
Phytase (units/kg diet) 0 0 500 1,000 2,000 4,000 8,000
a Meets vitamin requirements o f channel catfish (Robinson and Li 1996). 
b Meets mineral requirements of channel catfish (Robinson and Li 1996).
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was analyzed by inductively coupled plasma emission spectrophotometry (ICP) (AOAC 
1997).
2.2.4. Data Collection and Statistical Analysis
Data collected included weight gain, feed consumption, feed conversion ratio 
(FCR), protein efficiency ratio (PER = g wet weight gain/g crude protein fed), protein 
retention (=[final body protein -  initial body protein] * 100/total protein fed), gross 
energy o f muscle, bone ash content, and concentrations o f calcium, phosphorus, 
magnesium, zinc, and manganese in bone. Data were analyzed by ANOVA and 
Tukey’s studentized range test. Differences in treatment means were considered 
significant at P  < 0.05.
2.3. Results
Weight gain of fish fed the TC diet was 57.8 g/fish after 14 weeks o f growth 
(Table 2.3). Weight gains o f fish fed the all-plant-protein diets with and without 
phytase supplementation were 30 .2^3 .9  g/fish. Weight gain o f fish fed TC was 
significantly higher than weight gains of fish fed T l (0 FTU/kg diet), T3 (1,000 FTU/kg 
diet), T4 (2,000 FTU/kg diet), T5 (4,000 FTU/kg diet), or T6 (8,000 FTU/kg diet), but 
not significantly different from fish fed T2 with 500 FTU/kg diet. There were no 
significant differences in weight gain among fish fed all-plant-protein diets with or 
without phytase supplementation. Fish fed TC had higher (P  < 0.05) feed consumption 
(103.6 g/fish) than fish fed the T3, T4, and T6 diets (73.2, 77.4, and 66.5 g/fish, 
respectively), but feed consumption o f TC-fed fish did not differ (P  > 0.05) from that of 
fish fed T l, T2, or T5 (Table 2.3). Fish fed T2 had higher feed consumption (98.4 
g/fish) than fish fed T3 and T4. There was no apparent trend in feed consumption
12
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Table 2.3. Weight gain, feed consumption, and feed conversion ratio (FCR) of channel 
catfish fed phytase supplemented diets. Values in each column with different 
superscripts are significantly different (P  < 0.05).







TC 0 57.8 ± 9.0a 103.6 ± 16.0* 1.79 ± 0.08b
T1 0 36.3 ± 4.3b 84.9 ± 9.0abc 2.36 ± 0.33“
T2 500 43.9 ± 5.8* 98.4 ± 9.0*b 2.27 ± 0.28*b
T3 1,000 30.2 ± 5.4b 73.2 ± 14.4C 2.44 ±0.15*
T4 2,000 34.6 ± 8.2b 77.4 ±17.7* 2.31 ±0.35ab
T5 4,000 35.9 ± 6. l b 82.7 ± 13. labc 2.40 ± 0.50ab
T6 8,000 30.2 ± 9.0b 66.5 ± 18.6° 2 .3 ^ 0 .4 5 ^
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related to enzyme concentration in the diet. Feed conversion ratios (FCR) o f fish fed 
all-plant-protein diets ranged from 2.27 to 2.44 (Table 2.3). FCR o f fish fed TC (1.79) 
was significantly lower than FCRs of fish fed T1 and T3, but did not differ from FCRs 
o f fish fed the other diets. There were no significant differences among FCRs o f fish 
fed the all-plant-protein diets, with or without phytase supplementation (Table 2.3).
The protein efficiency ratio (PER) o f fish fed TC (2.05) was higher (P < 0.05) than 
that o f fish fed the six all-plant-protein diets (1.47-1.61; Table 2.4). PERs o f fish fed 
the all-plant-protein diets did not differ significantly. Fish fed TC also had higher (P < 
0.05) protein retention (35.7%) than fish fed the all-plant-protein diets (23.8-26.7%) 
with or without phytase supplementation. There were no differences (P > 0.05) in 
protein retention o f fish fed all-plant-protein diets with or without phytase 
supplementation. Gross energy in muscle did not differ (P  < 0.05) among catfish fed 
any o f the experimental diets (Table 2.4).
Fish fed all-plant-protein diets with phytase supplementation (T2-T6) had higher 
(P < 0.05) bone ash (46.7-48.6%) than fish fed the all-plant-protein diet with no phytase 
supplementation (T l; 43.5%) (Table 2.5). Fish fed diets with supplementation levels of 
500-8,000 FTU/kg diet did not differ (P > 0.05) in bone ash content and all fish fed 
phytase supplements (T2-T6) had the same level o f bone ash (P  > 0.05) as fish fed TC. 
There were no differences (P  > 0.05) in concentrations of bone calcium, phosphorus, or 
manganese among fish fed TC or any o f the phytase-supplemented, all-plant-protein 
diets (Table 2.5). Bone calcium, phosphorus, and manganese concentrations in fish fed 
the unsupplemented, all-plant-protein diet were significantly lower than those in fish fed 
any o f the other diets. Adding phytase to an all-plant-protein diet at 500 FTU/kg diet
14
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Table 2.4. Protein efficiency ratio (PER), protein retention, and muscle gross energy of 
channel catfish fed phytase supplemented diets. Values in each column with different 
superscripts are significantly different (P  < 0.05).




Gross Energy in 
Muscle (cal/g)
TC 0 2.05 ± 0.09a 35.7 ± 2.7" 5,549.06 ± 163.05*
T1 0 1.57 ± 0.20b 26.0 ± 3.3b 5,546.69 ± 107.11*
T2 500 1.61 ±0.19b 26.1 ±4 .1b 5,565.19 ± 84.52*
T3 1,000 1.47 ± 0.08b 23.8 ± 2.2b 5,486.80 ± 103.11*
T4 2,000 1.58 ± 0.23b 26.7 ± 4.8b 5,487.74 ± 124.20*
T5 4,000 1.53 ±0.24b 24.5 ± 2.9b 5,473.14 ± 74.78*
T6 8,000 1.60 ± 0.29b 26.1 ±5 .4b 5,446.04 ± 81.70*
15
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Table 2.5. Ash, calcium, phosphorus, and manganese content o f bone from channel 
catfish fed phytase supplemented diets. Values in each column with different 

















TC 0 48.6 ± 2.3* 18.35 ±0.92* 9.42 ± 0.44* 66.67 ± 7.54*
T1 0 43.5 ± 0.7b 16.43 ±0.52b 8.39 ± 0.25b 48.96 ± 7.65b
T2 500 46.7 ± 1.6* 18.01 ±0.63“ 9.14 ±0.30* 65.53 ± 8.65*
T3 1,000 47.8 ± 0.9* 18.40 ± 1.07* 9.39 ± 0.54* 74.12 ±9.08*
T4 2,000 48.6 ± 1.6* 18.46 ±0.64* 9.47 ±0.31* 71.40 ±8.09*
T5 4,000 48.0 ± 1.1* 18.05 ±0.96* 9.25 ± 0.42* 70.82 ± 9.85*
T6 8,000 47.4 ± 1.4* 17.86 ±0.53* 9.07 ± 0.36“ 69.64 ± 8.58“
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did not significantly increase bone magnesium content relative to the same diet without 
phytase supplementation (Table 2.6). A dietary phytase level o f 1,000 FTU/kg diet, or 
higher, significantly increased bone magnesium content relative to that of fish fed an 
unsupplemented diet, but did not increase (P > 0.05) bone magnesium content relative 
to that of fish fed 5% fish meal (TC). Phytase supplementation of an all-plant-protein 
diet with 0-8,000 FTU/kg diet tended to increase bone zinc content (from 115.70 to
153.29 ppm) with increased levels of phytase supplementation (Table 2.6). However, 
zinc content of bone was significantly increased only at the highest level of 
supplementation (8,000 FTU/kg diet), which produced a bone zinc concentration 
comparable (P > 0.05) to that in fish fed the TC diet with 5% fish meal (173.83 ppm).
2.4. Discussion
Andrews et al. (1973) reported that the available phosphorus requirement of 
channel catfish (initial weight: 6 g) is approximately 0.8% o f diet. Lovell (1978) fed 
channel catfish fingerlings (initial weight: 1.8 g) semipurified diets supplemented with 
monobasic sodium phosphate and reported that the minimum requirement for dietary 
available phosphorus for satisfactory growth and bone mineralization was 
approximately 0.45%. Wilson et al. (1982) suggested a value of 0.4% apparent 
available phosphorus be used in formulating catfish fingerling feeds. Tucker and 
Robinson (1991) recommended an available phosphorus level in channel catfish diets of 
0.5%.
Available phosphorus in the TC diet was 0.45% (total: 1.01%), which met the 
dietary requirement o f channel catfish. Available phosphorus in the all-plant-protein 
diet, 0.16% (total: 0.57%), was much lower than the dietary requirement. Total zinc in
17
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Table 2.6. Magnesium and zinc content of bone from channel catfish fed phytase 
supplemented diets. Values in each column with different superscripts are significantly 








TC 0 0.38 ± 0.02* 173.83 ± 19.63*
T1 0 0.29 ± 0.03b 115.70 ± 9.46c
T2 500 0.34 ± 0.02*b 130.29 ± 5.3 lc
T3 1,000 0.35 ± 0.02* 134.50 ± 11 .OS1*
T4 2,000 0.35 ± 0.05* 134.67 ± 10.17bc
T5 4,000 0.35 ± 0.03“ 135.83 ± 15.14^
T6 8,000 0.37 ±0.01* 153.29 ± 8.58*b
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the TC diet was 200 ppm versus 53.37 ppm in the all-plant-protein diets. Although 
phytase supplementation appeared to increase phosphorus availability, it is not known if  
available phosphorus was increased sufficiently to meet the dietary requirement. Also, 
the TC diet contained 5% menhaden fish meal. Lower available phosphorus and zinc, 
and no animal protein in the all-plant-protein diets could have been factors contributing 
to the lower weight gain and feed consumption, and higher FCR of fish fed these diets.
There were no significant differences in weight gain, diet consumption, or FCR o f 
fish fed all-plant-protein diets with or without phytase supplementation, until the level 
of supplementation reached 8,000 FTU/kg diet. Lanari et al. (1998) reported that 
dietary phytase at 1,000 FTU/kg diet did not increase weight gain or FCR of rainbow 
trout. Storebakken et al. (1998) showed that phytase-treated soy concentrate improved 
FCR in Atlantic salmon but did not increase feed consumption or weight gain. Hughes 
and Soares (1998) reported that supplemental phytase did not increase weight gain or 
FCR in striped bass. Vielma et al. (1998) reported that phytase supplementation at 
levels from 2,500 to 2,500,000 FTU/kg diet increased weight gain of rainbow trout. 
Jackson et al. (1996) found that adding phytase to a 32% crude protein catfish diet 
increased weight gain and feed consumption but did not improve FCR. From these 
studies, it appears that the effects of dietary phytase on weight gain and feed conversion 
varies among fish species.
Fish fed TC had significantly higher PER and protein retention than fish fed all- 
plant-protein diets. TC, which contained Menhaden fish meal, had a potentially better 
amino acid composition than the diets that contained only plant materials (soybean 
meal, com, and wheat middlings) and the increased performance o f fish fed TC
19
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probably reflected, in part, higher protein quality in this diet. There was no difference 
in PER or protein retention o f fish fed all-plant-protein diets with or without dietary 
phytase, indicating a lack o f substantial growth effects derived from phytase 
supplementation.
Although the presence o f phytate in the diet may decrease growth rate, feed 
conversion, and protein availability, low levels o f dietary phytate do not appear to have 
significant effects on growth. Richardson et al. (1985) added three levels o f phytate 
(1.62, 6.46, and 25.8 g/kg diet) to diets for juvenile Chinook salmon and found that only 
fish fed a diet with 25.8 g phytate/kg diet had significantly reduced growth rate, feed 
consumption, and protein efficiency ratio (PER). Gatlin and Phillips (1989) reported 
that 1.5% dietary phytate significantly reduced the level o f  bone zinc in channel catfish 
fed a diet containing 20 mg zinc/kg diet, but weight gain and feed conversion were not 
affected. Satoh et al. (1989) found that catfish fed a diet containing 2.2% phytate had 
significantly reduced weight gain and feed efficiency compared to fish fed a diet 
containing 1.1% phytate. In this study, phytate levels were relatively low (usually less 
than 1.0%), but addition of dietary phytase did not significantly improve growth, feed 
consumption, feed conversion, or protein utilization.
Mineral retention in fish bone was increased by phytase supplementation; a result 
that agrees with previous reports. Calcium, phosphorus, and manganese concentrations 
in catfish bone were significantly increased by addition o f phytase at 500 FTU/kg diet, 
and magnesium concentrations were increased at a level o f 1000 FTU/kg diet, but 
additional improvement in bone mineralization was not observed at higher levels of 
phytase supplementation in either case. Zinc content in bone was not significantly
20
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increased in this study at levels o f phytase supplementation below 8,000 FTU/kg diet. 
Gatlin and Phillips (1989) reported that at dietary zinc levels of 200 ppm or higher, 
dietary phytate did not significantly reduce the zinc content of channel catfish bone. In 
this study, the zinc content of all-plant-protein diets was 53.37 ppm, about one-fourth of 
the recommended level (200 ppm) for practical catfish diets. The relatively low level of 
dietary zinc could have been the reason why zinc uptake was not significantly improved 
by phytase supplementation until phytase supplementation reached the highest level 
(8,000 FTU/kg diet). Results of this study indicated that phytase supplementation at a 
level o f 500 FTU/kg diet was sufficient to significantly increase retention o f most 
dietary minerals by channel catfish.
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CHAPTER 3
EFFECTS OF PHYTASE SUPPLEMENTATION ON APPARENT 
DIGESTIBILITY OF DRY MATTER, DIETARY PROTEIN, AND SELECTED 
MINERALS BY CHANNEL CATFISH FED AN ALL-PLANT-PROTEIN DIET
3.1. Introduction
Results o f the growth study indicated that phytase supplementation o f the diet 
increased retention o f calcium, phosphorus, magnesium, manganese, and zinc in 
channel catfish bone, but did not increase weight gain or protein utilization o f fingerling 
fish. These results may have been related to differential effects of phytase 
supplementation on digestibility o f dry matter, protein, and minerals in the diet.
Pemey et al. (1993) reported that dietary phytase significantly increased 
phosphorus availability and decreased phosphorus excretion in broiler chickens. 
Simons et al. (1990) showed that microbial phytase degraded phytate in soybean and 
maize in vitro. Addition o f the enzyme to low-phosphorus diets for broilers increased 
the availability o f phosphorus to greater than 60% and reduced the amount of 
phosphorus in manure by 50%. Morz et al. (1994) found that microbial phytase 
significantly enhanced the apparent digestibility of dry matter, crude protein, calcium, 
and phosphorus in pigs.
Cain and Garling (1995) used phytase-pretreated soybean meal in salmonid diets to 
reduce phosphorus concentrations in hatchery effluents. Vielma et al. (1998) reported 
that apparent availability o f phosphorus and calcium was significantly improved for 
rainbow trout after phytase supplementation o f the diet. Storebakken (1998) reported 
that digestibility o f phosphorus, calcium, manganese, and zinc were increased in 
phytase-pretreated, soy protein concentrate-based diets for Atlantic salmon. Hughes
23
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
and Soares (1998) reported that apparent phosphorus digestibility was significantly 
increased in practical diets for striped bass supplemented with phytase at concentrations 
o f 800 and 2,400 FTU/kg diet. Papatryphon et al. (1999) found that phosphorus 
absorption by striped bass fed a plant-based diet supplemented with phytase was greater 
than that o f fish fed an unsupplemented diet. Phytase supplementation o f 2,000 FTU/kg 
diet increased calcium, iron, and zinc digestibility by striped bass fed a high phytate 
diet.
Van Weerd (1999) found a positive effect o f phytase treatment on phosphorus 
digestibility and retention in African catfish. Studies with channel catfish, with phytase 
supplementation from 0 to 4,000 FTU/kg diet (Jackson et al. 1996), 0 to 750 FTU/kg 
diet (Li and Robinson 1997), and 1,000 and 3,000 FTU/kg diet (Eya and Lovell 1997), 
also have shown that phytase supplementation o f the diet improves bioavailability of 
phytate phosphorus
This experiment was conducted to determine the effect o f phytase supplementation 
at concentrations up to 8,000 FTU/kg diet on apparent digestibility o f dry matter, 
protein, and selected minerals in an all-plant-protein diet for channel catfish.
3.2. Materials and Methods
3.2.1. Experimental Diets
The ingredients were ground before use. Soybean and wheat middlings were 
passed through a 0.5 mm screen. Fish meal and com were passed through a 1.0 mm 
screen.
Seven diets identical to those used in the growth trial were formulated, except that 
1% cellulose was replaced by 1% chromic oxide as a digestibility indicator (Hajen et al.
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1993). All the diets contained 28% crude protein and 9.0 kcal digestible energy/g 
protein. A nutritionally complete diet containing animal protein (TC) was formulated to 
contain 5% menhaden fish meal, 0.45% available phosphorus, and 200 ppm zinc. Six 
all-plant-protein diets (T1-T6) were formulated to contain minimal levels of available 
phosphorus (0.16%; total phosphorus = 0.57%) and zinc (53.37 ppm), but to meet all 
other nutritional requirements of catfish (Table 3.1). All-plant-protein diets contained 
soybean meal (48.5%), com (25%), wheat middlings (21.6%), menhaden oil (1.5%), 
and vitamin and mineral mixes. Phytase (Natuphos™ 5000 Liquid, BASF, Mount 
Olive, NJ) was added in liquid form to five o f the six all-plant-protein diets to provide 
500, 1,000, 2,000, 4,000, and 8,000 FTU per kg diet (Table 3.2). All diets were cold 
pelleted, air dried, and stored refrigerated at 5°C until used.
3.2.2. Husbandry
Juvenile channel catfish (300-500 g) were stocked into 120, 40-L tanks in five 
recirculating systems (24 tanks/system; I fish/tank) in the laboratory for digestibility 
trials. Fish were fed a commercial diet for three weeks after stocking and then switched 
to the TC diet for three weeks. After fish were acclimated to the recirculating systems 
and the TC diet, they were fed each experimental diet for fecal sample collection. Fish 
were fed once per day at about 4% o f body weight.
3.2.3. Fecal Sample Collection and Analysis
Fish were fed one experimental diet for two days. Fecal samples were collected by 
manually stripping fish, 8 hours after feeding, in two of the five systems. Samples were 
collected again 24 hours after feeding from fish in the remaining three systems by
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Table 3.1. Nutrient requirements of channel catfish and nutrient content of the 
experimental diets.
Nutrient Unit Requirement TC“ T l-T 6b
Protein % 26-32 28 28
Digestible energy kcal/g protein 8-10 9 9
Fat % <6.0 3.93 3.93
Available phosphorus % 0.3-0.4 0.45 0.16
Total phosphorus (P) % Not required 1.01 0.57
Total zinc ppm 200 200 53.37
Available lysine % of protein 5.1 5.8 5.8
Available lysine % of diet 1.43 1.61 1.61
Available methionine (Met) % o f protein 2.3 1.3 1.2
Available methionine (Met) % of diet 0.26 0.37 0.34
Available cysteine (Cys) % of protein Not required 1.3 1.3
Available Met + 60% Cys % of protein 2.3 2.1 2.0
Available Met + Cys % of diet 0.65 0.73 0.71
Available arginine % of protein 4.3 6.9 7.1
Available histidine % of protein 1.5 2.3 2.4
Available isoleucine % o f protein 2.6 3.6 3.6
Available leucine % of protein 3.5 6.9 7.0
Available phenylalanine (Phen) % o f protein 5.0 4.2 4.4
Available tyrosine (Tyr) % o f protein Not required 3.0 3.0
Available Phen+ 50% Tyr % of protein 5.0 5.7 5.9
Available threonine % o f protein 2.0 3.3 3.3
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(Table 3.1 continued)
Nutrient Unit Requirement TC T1-T6
Available tryptophan % of protein 0.5 1.1 1.1
Available valine % of protein 3.0 4.3 4.3
Calcium (Ca) % Not required 0.82 0.16
Ca/P ratio Not required 1.8 1.0
Cobalt ppm 0.05 0.05 0.05
Iodine ppm 2.4 2.4 2.4
Selenium ppm 0.1 0.45 0.33
Manganese ppm 25 71.09 69.12
Iron ppm 30 133.55 114.81
Copper ppm 5 18.53 19.16
Thiamin ppm 5.5 11.17 11.00
Riboflavin ppm 13.2 15.38 15.31
Pyridoxine B6 ppm 11 16.35 16.28
Pantothenic acid ppm 35 47.04 47.30
Nicotinic acid ppm 22 62.48 58.94
Folic acid ppm 2.2 2.86 2.87
Vitamin B12 ppm 0.01 0.016 0.01
Vitamin A lU/kg 1,000 2,200 2,200
Vitamin D3 lU/kg 500 1,100 1,100
Vitamin E ppm 30 61.46 60.49
Vitamin K ppm 4.4 4.46 4.46
Vitamin C ppm 50-100 250 250
a Nutritionally complete diet. 
b All-plant-protein diets.
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Table 3.2. Ingredient composition o f the experimental diets. Values are percent o f diet, 
as-fed, except as noted.
Diet
Ingredient TC T1 T2 T3 T4 T5 T6
Soybean meal (49% CP) 40.8 48.6 48.6 48.6 48.6 48.6 48.6
Com, grain 25.0 25.0 25.0 25.0 25.0 25.0 25.0
Wheat middlings 24.2 21.6 21.6 21.6 21.6 21.6 21.6
Fish meal, menhaden 5.0
Chromic oxide 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Cellulose 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Carboxymethylcellulose 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Vitamin premixa 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Mineral premixb 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Fish oil, menhaden l.l 1.5 1.5 1.5 1.5 1.5 1.5
Dicalcium phosphate 1.4 1.4 1.4 1.4 1.4 1.4 1.4
Zinc sulfate heptahydrate 0.06
Phytase (units/kg diet) 0 0 500 1,000 2,000 4,000 8,000
a Meets vitamin requirements of channel catfish (Robinson and Li 1996). 
b Meets mineral requirements of channel catfish (Robinson and Li 1996).
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manually stripping. Fish were not fed for one day after fecal samples were collected. 
Fish then were fed another experimental diet and fecal samples were collected as 
preciously described. This continued until enough fecal sample was collected from 
each diet treatment for analysis. Fecal samples were frozen at -80  °C, then freeze-dried 
for 48 hours. Dried feces were stored at -80  °C until analyzed.
Diets and dried fecal samples were analyzed for crude protein, chromic oxide 
(CT2O3), and mineral content. Crude protein was determined by Kjeldahl analysis 
(AOAC 1997). Chromic oxide, calcium, phosphorus, magnesium, copper, manganese, 
and zinc concentrations were determined by inductively coupled plasma emission 
spectrophotometry (ICP) (AOAC 1997).
3.2.4. Data Collection and Statistical Analysis
Apparent digestibility (AD) o f dry matter, crude protein, calcium, phosphorus, 
magnesium, copper, manganese, and zinc were calculated as follows:
% Cr2 0 3  in diet % nutrient in feces
AD (%) =100 -  (100 * -------------------------  *  )
% Cr2 0 3  in feces % nutrient in diet
Where nutrient is dry matter, crude protein, or the mineral of interest. Data were 
analyzed by ANOVA and Tukey’s studentized range test. Differences in treatment 
means were considered significant at P  < 0.0S.
3.3. Results
3.3.1. Apparent Digestibility 8  Hours After Feeding
Apparent digestibility o f  dry matter after 8  hours was 49.04-58.25% (Table 3.3). 
Apparent protein digestibility was 85.01-88.47% (Table 3.3). There were no
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Table 3.3. Apparent digestibility o f dry matter (DM), crude protein (CP), calcium (Ca), 
and phosphorus (P) 8 hours after feeding. Values in each column with different 
superscripts are significantly different (P  < 0.05).
Digestibility (%)
Phytase Cone. -----------------------------------------------------








55.90 ± 4.00* 
58.25 ± 0.42*
55.67 ± 8.40* 
49.04 ± 6.27* 




88.47 ± 0.25“ 
86.23 ± 3.07* 
85.38 ± 1.12* 
86.08 ± 0.64* 
86.68 ±  1. 10*
86.92 ± 0.50*
22.84 ± 1.29c 
72.32 ± 0.67b
78.01 ± 1.70*
77.92 ± 1.86“ 









86.42 ± 0.77“ 
84.63 ± 1.97*
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differences (P  > O.OS) in apparent dry matter digestibility or apparent protein 
digestibility among treatment groups. Fish fed TC had the lowest (P < 0.05) apparent 
digestibility o f calcium (22.84%) and phosphorus (52.36%) (Table 3.3). Apparent 
digestibility o f calcium by fish fed T l, T4, and T6 did not differ significantly, nor did 
calcium digestibility differ among fish fed any o f the phytase-supplemented diets (T2- 
T6). There was a trend toward greater calcium digestibility among fish fed phytase 
supplements compared to those fed the unsupplemented all-plant-protein diets, although 
in some cases the differences were not statistically significant. Fish fed phytase 
supplemented diets had significantly higher phosphorus digestibility (81.29-86.42%) 
than fish fed the unsupplemented all-plant-protein diet, with one exception (T4) (Table 
3.3).
Apparent digestibility o f magnesium, manganese, and copper did not differ 
significantly in 8-hour fecal samples among fish fed any o f the experimental diets 
(Table 3.4). Apparent digestibility of zinc was higher (P < 0.05) among fish fed all- 
plant-protein diets than among fish fed TC (Table 3.4). Zinc digestibility did not differ 
(P > 0.05) among fish fed any of the all-plant-protein diets, with or without phytase 
supplements.
Results indicated that 8 hours after feeding, apparent digestibility of calcium and 
phosphorus was improved by phytase supplementation at a level o f 500 FTU/kg diet or 
greater. Phytase supplementation did not improve apparent digestibility o f dry matter, 
dietary protein, magnesium, zinc, manganese, or copper 8 hours after feeding.
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Table 3.4. Apparent digestibility o f magnesium (Mg), zinc (Zn), manganese (Mn), and 
copper (Cu) 8 hours after feeding. Values in each column with different superscripts 





Mg Zn Mn Cu
TC 0 42.30 ± 7.03a 30.15 ±3.87b 38.32 ± 3.62* 14.39 ± 1.45*
T1 0 50.29 ± 4.02a 82.82 ± 0.52* 42.76 ± 3.82* 25.69 ± 1.90*
T2 500 55.21 ±7.95a 84.13 + 2.53“ 52.34 ± 4.66* 19.20 ± 1.73*
T3 1,000 50.78 ± 15.86a 83.32 ± 6.00a 52.40 ± 11.79* 7.60 ± 13.31*
T4 2,000 36.02 ± 0.63a 81.20 ±0.64* 33.07 ±9.18* 13.89 ±0.89*
T5 4,000 51.81 ± 5.12a 85.11 ± 1.73* 40.99 ± 1.34* 14.43 ± 5.34*
T6 8,000 44.97 ± 0.82“ 82.51 ±0.77* 41.09 ±0.70* 13.46 ±2.25*
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3.3.2. Apparent Digestibility 24 Hours After Feeding
Apparent digestibility o f dry matter did not differ (P > 0.05) after 24 hours among 
fish fed any o f the experimental diets (Table 3.5). Crude protein digestibility differed 
significantly after 24 hours among fish fed the experimental diets, but no trend related 
to dietary treatments was apparent (Table 3.5). Fish fed all-plant-protein diets with 
phytase supplementation (T2-T6) had higher (P < 0.05) calcium digestibility than fish 
fed the all-plant-protein diet without phytase supplementation (Table 3.5). Fish fed the 
phytase supplemented all-plant-protein diets (T2-T6) also exhibited significantly higher 
phosphorus digestibility than fish fed the unsupplemented all-plant-protein diet (T l) or 
fish fed the diet containing menhaden meal (TC) (Table 3.5).
Magnesium availability trended to be higher (P < 0.05) in diets with phytase 
supplementation (T2—T6) than in those without phytase (TC and T l)  (Table 3.6). Zinc 
digestibility was lowest (P < 0.05) in the unsupplemented diet with fishmeal (TC) and 
significantly higher in the unsupplemented all-plant-protein diet (Table 3.6). Zinc 
availability was higher (P  < 0.05), in all but one case (T3), in diets supplemented with 
phytase than in those without phytase. Manganese digestibility tended to be lower (P  < 
0.05) in the unsupplemented diets (TC and T l) than in diets with phytase supplements 
(Table 3.6). Copper digestibility did not differ among the diets in any identifiable 
pattern (Table 3.6).
Results indicated that 24 hours after feeding, digestibility o f crude protein, 
calcium, phosphorus, magnesium, zinc, and manganese were generally improved by 
phytase supplementation at levels from 500 FTU to 8,000 FTU/kg diet, relative to
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Table 3.5. Apparent digestibility of dry matter (DM), crude protein (CP), calcium (Ca), 
and phosphorus (P) 24 hours after feeding. Values in each column with different 





DM CP Ca P
TC 0 69.69 ± 0.90* 88.00 ± 0.53c -7.46 ± 10.22 38.83 ± 6.82c
Tl 0 65.59 ± 2.55* 88.74 ± O M * 71.88 ±0.44d 69.69 ± 0.76b
T2 500 66.53 ±3.11* 90.31 ±0.06“ 83.34 ± 1.80* 94.37 ± 1.40*
T3 1,000 66.35 ± 3.08* 88.04 ± 0.77° 77.10 ± 0.49° 90.37 ± 0.66*
T4 2,000 72.01 ± 1.68* 89.88 ± 0.72*b 79.76 ± 1.07^ 92.80 ±0.94*
T5 4,000 70.76 ± 3.63* 90.58 ± 0.56“ 81.22 ±0.92*b 94.07 ±0.71*
T6 8,000 70.31 ± 1.93* 90.48 ±0.41“ 81.54 ±0.44*b 94.19 ± 1.02*
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Table 3.6. Apparent digestibility o f magnesium (Mg), zinc (Zn), manganese (Mn), and 
copper (Cu) 24 hour after feeding. Values in each column with different superscripts 





Mg Zn Mn Cu
TC 0 18.47 ± 11.90b 12.22 ± 8.62d 14.42 ± 6.40“* 10.61 ±4.63“b
Tl 0 18.81 ±7.83b 82.45 ± 0.62c 10.58 ± 1.53d 11.71 ±2.92*b
T2 500 51.63 ±9.50“ 87.97 ±1.16“ 50.42 ± 11.67“ 21.82 ±4.65*
T3 1,000 14.81 ±4.36b 83.52 ± 0.64* 24.85 ± I.SO™ 5.28 ± 2.39b
T4 2,000 33.91 ±0.98ab 85.60 ± 1.19“b 28.97 ± 0.68* 15.13 ±0.92“
T5 4,000 46.23 ± 4.33“ 87.80 ± 0.94* 34.78 ± 4.54b 17.78 ±5.77*
T6 8,000 42.07 ± 5.93“ 86.96 ±0.51* 31.29 ± 3.36b 17.94 ±5.89*
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unsupplemented diets. Apparent digestibility o f dry matter and copper were not 
substantially improved by dietary phytase supplementation at any o f the levels tested.
3.3.3. Comparison o f Apparent Digestibility at 8 Hours and 24 Hours After Feeding 
Apparent digestibility of diet dry matter was significantly (P  < 0.05) higher 24
hours after feeding than at 8 hours after feeding in all but one case (T2) (Table 3.7). 
Apparent digestibility o f crude protein was generally higher {P < 0.05) 24 hours after 
ingestion o f the diet than at 8 hours after ingestion, although the magnitude of the 
increase was only a few percentage points (Table 3.7). Calcium digestibility was not 
different {P > 0.05) at 8 or 24 hours after feeding, except at the two highest levels of 
phytase supplementation, where digestibility at 24 hours was significantly higher than at 
8 hours (Table 3.7). Apparent digestibility o f phosphorus at 24 hours after feeding was 
generally higher (P  < 0.05) in phytase supplemented diets than that at 8 hours after 
feeding (Table 3.7). Unsupplemented diets (TC and T l)  did not differ (P  > 0.05) in 
phosphorus digestibility at 8 or 24 hours after feeding (Table 3.7).
Digestibility o f  zinc, magnesium, manganese, and copper were generally no higher 
(P > 0.05) at 24 hours after feeding than at 8 hours. Although some significant 
differences did occur, no trends related to phytase treatments were apparent (Table 3.8).
3.3.4. Chromic Oxide Content of Diets and Fecal Samples
The chromic oxide content o f the diets ranged from 0.95% to 0.99%. In 8-hour 
fecal samples, chromic oxide concentrations ranged from 2.24% to 2.67%, and in 24- 
hour fecal samples, from 3.24% to 3.94%. In all cases, the chromic oxide content of 
feces increased significantly during the period from 8 hours to 24 hours after feeding,
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Table 3.7. Comparison o f apparent digestibility (%) o f dry matter, crude protein, 
calcium, and phosphorus at 8 hours and 24 hours after feeding. Values in a column 
within each section with different superscripts are significantly different (P  < 0.05).
Diet
Hours after feeding TC Tl T2 T3 T4 T5 T6
Dry matter
8 hours 55.90b 58.25b 55.67* 49.04b 52.97b 55.65b 52.09b
24 hours 69.69" 65.59* 66.53* 66.35* 72.01* 70.76“ 70.31*
Crude protein
8 hours 85.01b 88.47* 86.23* 85.38b 86.08b 86.68b 86.92b
24 hours 88.00* 88.74* 90.31* 88.04* 89.88* 90.58* 90.48*
Calcium
8 hours 22.84* 72.32* 78.01* 77.92* 75.37* 77.8 l b 76.16b
24 hours -7.46b 71.88* 83.34* 77.10* 79.76* 81.22“ 81.54*
Phosphorus
8 hours 52.36* 73.10* 84.67b 84.15* 81.29b 86.42b 84.63b
24 hours 38.83* 69.69* 94.37* 90.37* 92.80* 94.07* 94.19*
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Table 3.8. Comparison o f  apparent digestibility (%) of zinc, magnesium, manganese, 
and copper at 8 hours and 24 hours after feeding. Values in a column within each 
section with different superscripts are significantly different (P < 0.05).
Diet
Hours after feeding TC T1 T2 T3 T4 T5 T6
Zinc
8 hours 30.15* 82.82* 84.13“ 83.32* 81.20b 85.11“ 82.5 lb
24 hours 12.22“ 82.45“ 87.97* 83.52* 85.60“ 87.80“ 86.96“
Magnesium
8 hours 42.30“ 50.29“ 55.21“ 50.78“ 36.02“ 51.81“ 44.97*
24 hours 18.47* 18.81b 51.63“ 14.8 lb 33.91“ 46.23“ 42.07“
Manganese
8 hours 38.32* 42.76“ 52.34* 52.40* 33.07“ 40.99“ 41.09“
24 hours 14.42b 10.58b 50.42“ 24.85b 28.97“ 34.78“ 31.29b
Copper
8 hours 14.39“ 25.69* 19.20“ 7.61“ 13.89“ 14.43* 13.46“
24 hours 10.61“ 11.71b 21.82“ 5.28“ 15.13“ 17.78“ 17.94“
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indicating that increased (P  < 0.05) digestion and absorption o f  nutrients occurred 
during the additional 16-hour retention time in the gut (Table 3.9).
3.4. Discussion
Apparent dry matter digestibility (ADMD) did not differ among diets with or 
without phytase, or among fecal samples collected at 8 or 24 hours after feeding, which 
indicated that ADMD was not significantly affected by phytase supplementation or 
residence time in the gut. Although protein digestibility was improved by addition of 
phytase (at 500, 4,000 and 8,000 FTU/kg diet), the increase (1.76% to 1.96% ) was less 
than 2%, and it occurred only at 24 hours after feeding. Thus, it appears that phytase 
supplementation did not significantly improve protein digestibility from a practical 
standpoint. This could be the reason why addition o f phytase did not significantly 
increase weight gain o f channel catfish in the growth trial. Lanari et al. (1998) found 
that there was no difference in digestibility o f dry matter, crude protein, and gross 
energy in phytase-supplemented (1,000 FTU/kg diet) and unsupplemented diets fed to 
rainbow trout. Papatryphon et al. (1999) found no significant differences in protein 
digestibility between phytase-supplemented and unsupplemented diets for striped bass, 
but dry matter digestibility was improved by phytase supplementation. Storebakken et 
al. (1998) reported that phytase supplementation increased protein digestibility of 
Atlantic salmon diets.
Apparent digestibility of calcium, phosphorus, magnesium, manganese, and zinc 
was improved by phytase supplementation, especially at 24 hours after feeding. This 
agrees with previous reports. Eya and Lovell (1997) found that adding phytase to 
channel catfish diets at 1,000 and 3,000 FTU/kg diet increased net absorption of dietary
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Table 3.9. The chromic oxide content (%) o f diets and fecal samples from channel 
catfish. Values in each column with different superscripts are significantly different (P 
< 0.05).
Diet
TC T1 T2 T3 T4 T5 T6
Diet 0.99c 0.97* 0.95c 0.95c 0.95* 0.96* 0.99*
8-Hour feces 2.57b 2.67 b 2.5 l b 2.24b 2.38 b 2.53 b 2.34 b
24-Hour feces 3.65a 3.24 a 3.33a 3.31a 3.94 a 3.81a 3.73 a
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phosphorus. Availability o f phosphorus and calcium also was significantly improved in 
rainbow trout by phytase supplementation o f the diet (Vielma et al. 1998). Storebakken 
et al. (1998) determined that phytase in Atlantic salmon diets increased apparent 
digestibility o f calcium, magnesium, and zinc. Hughes and Soares (1998) and Lanari et 
al. (1998) showed that addition of phytase to striped bass and rainbow trout diets 
increased apparent digestibility o f phosphorus. Use of phytase-pretreated soybean meal 
in salmonid diets has been shown to reduce phosphorus in hatchery effluents (Cain and 
Garling 1995).
The higher apparent digestibility o f most nutrients at 24 h after feeding was 
probably due to increased residence time in the gut, which allowed greater digestion and 
absorption, and perhaps greater activity in the digestive system, which would facilitate 
increased degradation of phytate.
Apparent digestibility o f calcium at 8 hours and 24 hours among fish fed TC was 
much lower than that o f fish fed all-plant-protein diets. The calcium content o f all- 
plant-protein diets was 0.16%, much lower than that o f the TC diet (0.82%). Fish can 
absorb calcium through the gills directly from water. Water hardness in the culture 
systems was higher than 100 mg/L as CaCOj, which could have allowed fish to obtain 
some calcium from the water supply. In addition, absorption of calcium from a diet 
containing a high level of calcium (TC) could be expected to be lower than absorption 
from a diet containing a low level o f calcium (T1-T6). Higher phytase level also might 
have released more phosphorus from phytate which could have increased calcium 
digestion and absorption. Shearer and Hardy (1987) and Asg&rd and Shearer (1997)
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reported that inadequate uptake of phosphorus led to reduced retention of calcium and 
magnesium in rainbow trout and Atlantic salmon.
Based on results o f this study, supplementation of an all-plant-protein diet with 
phytase at a level o f 500 FTU/kg diet increased apparent digestibility of calcium and 
phosphorus 8 hours after ingestion, and increased apparent digestibility of crude 
protein, calcium, phosphorus, magnesium, manganese, and zinc 24 hours after 
ingestion. Phytase levels higher than 500 FTU/kg diet did not improve apparent 
digestibility o f  nutrients in a consistent manner. Jackson et al. (1996) determined that 
500 FTU/kg diet was adequate for maximizing bone phosphorus in channel catfish and 
levels of 500 to 1,000 FTU/kg diet have been reported as optimum for some other 
species (Simons et al. 1990; Crowell et al. 1993; Cain and Garling 1995; Rodehutscord 
and Pfeffer 1995; Schafer et al. 1995). Similarly, in the channel catfish growth trial, 
calcium, phosphorus, and manganese content o f bone were significantly increased by 
addition o f phytase at 500 FTU/kg diet. No consistent benefit was obtained by 
increasing phytase level as high as 8,000 FTU/kg diet. Magnesium content of bone was 
increased at a dietary phytase level of 1,000 FTU/kg diet, but this is of little or no 
practical significance. Hughes and Soares (1998) reported that apparent digestibility of 
phosphorus also was not increased at high phytase levels (1,300 and 2,400 FTU/kg 
diet), relative to phosphorus digestibility at a level o f 800 FTU/kg diet. A phytase 
supplementation level o f 500 FTU/kg diet appears to be adequate for increasing 
absorption o f nutrients from channel catfish diets.
42
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3.5. References
AO AC. 1997. Official methods o f analysis. 16th edition, 3rd revision. AO AC 
international, Gaithersburg, Maryland, USA.
Asgird, T., Shearer, K. D., 1997. Dietary phosphorus requirement o f juvenile Atlantic 
salmon {Salmon salar). Aquaculture Nutrition 3, 17-23.
Cain, K.D., Garling, D. L., 1995. Pretreatment o f soybean meal with phytase for salmonid 
diets to reduce phosphorus concentrations in hatchery effluents. Progressive Fish- 
Culturist 57, 114-119.
Crowell, G. L., Stahly, T. S., Coffey, R. D., Monegue, H. J., and Randolph, J. H., 1993. 
Efficacy o f phytase in improving the bioavailability o f phosphorus in soybean meal 
and com-soybean meal diets for pigs. Journal of Animal Science 71, 1831-1840.
Eya, J. C., Lovell, R. T., 1997. Net absorption of dietary phosphorus from various 
inorganic sources and effect o f fungal phytase on net absorption o f plant 
phosphorus by channel catfish {Ictalurus punctatus). Journal o f the World 
Aquaculture Society 28, 386-391.
Hajen, D. E., Higgs, D. A., Beanies, R. M., Dosanjh, B. S., 1993. Digestibility of various 
feedstuffs by post-juvenile chinook salmon {Oncorhynchus tshawytscha) in sea water.
2. Measurement o f digestibility. Aquaculture 112,333-348.
Hughes, K. P., Soares, J. H., 1998. Efficacy of phytase on phosphorus utilization in 
practical diets fed to striped bass {Morone saxatilis). Aquaculture Nutrition 4, 133- 
MO.
Jackson. S. C., Li, M. L., Robinson, E. H., 1996. Use of microbial phytase in channel 
catfish {Ictalurus punctatus) diets to improve utilization o f phytate phosphorus. 
Journal o f the World Aquaculture Society 27,309-313.
Lanari, D., D’Agaro, E., Turri, C., 1998. Use of nonlinear regression to evaluate the effects 
o f phytase enzyme treatment of plant protein diets for rainbow trout {Oncorhynchus 
mykiss). Aquaculture 161, 346-356.
Li M. H., Robinson E. H., 1997. Microbial phytase can replace inorganic phosphorus 
supplements in channel catfish Ictalurus punctatus diets. Journal o f the World 
Aquaculture Society 28,402-406.
Morz, Z., Jongbloed, A. W., Kemme, P. A., 1994. Apparent digestibility and retention of 
nutrients bound to phytate complexes as influenced by microbial phytase and feeding 
regimen in pigs. Journal o f Animal Science 72,126-132.
43
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Papatryphon, E., Howell, R. A., Soares, J. H., 1999. Growth and mineral absorption by 
striped bass Morone saxatilis fed a plant feedstuff based diet supplemented with 
phytase. Journal of the World Aquaculture Society 30 (2), 161-173.
Pemey, K. M., Cantor, A. H., Straw, M. L., Herkelman, K. L., 1993. The effect of dietary 
phytase on growth performance and phosphorus utilization of broiler chicks. Poultry 
Science 72,2106-2114.
Robinson, E. H., Li, M. H., 1996. A practical guide to nutrition, feeds, and feeding of 
catfish. Remy, K. H. (Editor). Office o f Agricultural Communications, Division of 
Agriculture, Forestry, and Veterinary Medicine, Mississippi State University.
Rodehutscord, M., Pfeifer, E., 1995. Effects of supplemental microbial phytase on 
phosphorus digestibility and utilization in rainbow trout (Oncorhynchus my kiss). In: 
Cowey, C. B. (Ed.), Proc. Int. Symp. Nutritional Strategies and Management of 
Aquaculture Waste, Rebild, Denmark, 24—27 April 1994. Water Science and 
Technology 31,143-147
Schafer, A., Koppe, W. M., Meyer-Burgdorff, K. H., Gunter, K. D., 1995. Effect of a 
microbial phytase on the utilization of native phosphorus by carp in a diet based on 
soybean meal. In: Cowey, C. B. (Ed.), Proceedings o f International Symposium. 
Nutritional Strategies and Management of Aquaculture Waste, Rebild, Denmark, 24— 
27 April 1994. Water Science and Technology 31,149-155.
Shearer, K. D., Hardy, R. W., 1987. Phosphorus deficiency in rainbow trout fed a diet 
containing deboned fillet scrap. Progressive Fish-Culturist 49,192-197.
Simons, P. C. M., Versteegh, H. A. J.Jongbloed, A. W., Kemme, P. A., Slump, P., Bos, K.
D., Wolters, M. G. E., Beudeker, R. F., Verschoor, G. J., 1990. Improvement of 
phosphorus availability by microbial phytase in broilers and pigs. British Journal of 
Nutrition 64,525-540.
Storebakken, T., Shearer, K. D., Roem, A. J., 1998. Availability of protein, phosphorus 
and other elements in fish meal, soy-protein concentrate and phytase-treated soy- 
protein-concentrate-based diets to Atlantic salmon {Salmon salar). Aquaculture 161, 
365-379.
Van Weerd, J. H., Khalaf, K. A., Aartse, F. J., Yijssen, P. A. T., 1999. Balance trials with 
African catfish Clarias gariepinus fed phytase-treated soybean meal-based diets. 
Aquaculture Nutrition 5, 135-142.
Vielma, J., Lall, S. P., Koskela, J., Schoner, F. J., Mattila, P., 1998. Effects o f dietary 
phytase and cholecalciferol on phosphorus bioavailability in rainbow trout 
{Oncorhynchus mykiss). Aquaculture 163,309—323.
44
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 4
EFFECTS OF PHYTASE SUPPLEMENTATION ON PHYTATE AND 
PHYTATE INTERMEDIATES IN DIETS AND FECES, AND DEGRADATION 
OF PHYTATE IN THE STOMACH OF CHANNEL CATFISH FED AN ALL-
PLANT-PROTEIN DIET
4.1. Introduction
Phytic acid (phytate) is formed by esterification o f the cyclic alcohol, inositol, with 










Figure 4.1. A common structure o f phytate (BASF 1996).
Phytate is considered to be a reserve of phosphorus and cations in plants (Williams 
1970, Harland and Oberleas 1987) and also a natural antioxidant (Lehrfeld 1989; 
Empson et al. 1991; Nelson 1992). Neher (1987) showed that signal transduction 
affecting contraction, secretion, proliferation, and photoresponse in animal cells is
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moderated by myo-inositol trisphosphate (IP3), myo-inositol tetrakisphosphate (IP4), 
and calcium. The functions of inositol phosphates as second messengers in intracellular 
signal transduction systems have been extensively studied and well explained (Berridge 
and Irvine 1989; Irvine and Moor 1986).
Phytate in food has been regarded as an anti-nutritional material because o f its 
strong chelating ability. The phosphoric acid component o f the phytate molecule has 
the capacity to form complexes with multivalent cations, including calcium, 
magnesium, zinc, iron, manganese, and copper. These phytate-mineral complexes are 
generally insoluble at physiological pH, causing the bound minerals to be biologically 
unavailable to monogastric animals and humans (Ravindran et al. 1994). Phytate also 
interacts with proteins in the diet, causing reduced mineral availability and altered 
protein function (Cheryan, 1980; Cosgrove, 1980). Richardson et al. (1985), Satoh et 
al. (1989), and Gifford and Clydesdale (1990) indicated that phytate complexed with 
protein reduced absorption of zinc, calcium, and iron for fish and other species.
In grains, phytate often occurs as phytin (a mixed calcium-magnesium salt of 
phytic acid), which can compose 60-90% of total phosphorus (Lolas et al 1976; 
Cheryan 1980). Excessive amounts o f phytate in the diet can have a negative effect on 
mineral balance as a result o f the insoluble complexes with Cu2+, Zn2+, Fe3+, and Ca2+ 
formed at physiological pH (Graf 1986, Nolan et al. 1987). Practical channel catfish 
diets usually contain ingredients that are relatively high in phytate, and significantly 
reduced weight gain and feed efficiency o f catfish fed high phytate diets have been 
reported (Satoh et al. 1989).
46
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Phosphorus availability in plant ingredients can be increased by adding phytase to 
the diet. Phytase is an enzyme that occurs in seeds, such as cereals and soybeans, and is 
formed by microorganisms, such as fungi, bacteria, yeast, and rumen microbes (BASF 
1996). Phytase is required for the hydrolysis of phytate to inositol and inorganic 
phosphate. BASF Corporation produces phytase (Natuphos™) obtained by fungal 
(Aspergillus niger) fermentation. Natuphos™ 5000 Liquid has a phytase activity o f at 
least 5,000 FTU/g. One unit of phytase activity (FTU) is defined as the amount 
required to liberate 1 micromole of inorganic phosphorus per minute from an excess of 
sodium phytate at 37°C and pH 5.5.
Studies on the use o f phytase in diets for chickens and pigs have demonstrated that 
increased growth and mineral availability, and decreased waste output can be achieved 
with phytase-supplemented diets (Nelson et al. 1971; Simons et al. 1990; Lei et al. 
1993; Pemey et al. 1993; Morz et al. 1994). Recent research has investigated the effects 
o f phytase supplementation on growth and dietary nutrient utilization. Cain and Garling 
(1995) pretreated soybean meal in salmonid diets with phytase to reduce phosphorus 
concentrations in hatchery effluents. Vielma et al. (1998) found that availability of 
phosphorus and calcium was significantly improved by supplementing the diets of 
rainbow trout with phytase. Storebakken et al. (1998) found that availability of 
phosphorus, calcium, manganese, and zinc in soy protein concentrate was increased for 
Atlantic salmon after phytase treatment. Hughes and Soares (1998) reported 
phosphorus utilization in practical diets fed to striped bass was significantly improved 
by addition o f 800 and 2,400 FTU/kg diet. Papatryphon et al. (1999) observed 
increased digestibility o f phosphorus, calcium, iron, and zinc in striped bass with
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increasing phytase supplementation of the diet. Van Weerd et al. (1999) reported a 
positive effect o f phytase treatment on phosphorus digestibility and retention in African 
catfish. Jackson et al. (1996) observed an increase in phosphorus availability for 
channel catfish fed a diet supplemented with microbial phytase.
Fully-phosphorlylated phytate (IP6) can be dephosphorylated by chemical or 
enzymatic hydrolysis. As this process occurs, phosphate groups are removed to 
produce less-phosphorylated forms o f inositol phosphate, called phytate intermediates. 
There are five groups o f phytate intermediates: myo-inositol pentakisphosphates (IP5), 
myo-inositol tetrakisphosphates (IP4), myo-inositol trisphosphates (IP3), myo-inositol 
bisphosphates (IP2), and myo-inositol monophosphates (IP1).
Early methods o f phytic acid analysis were based on precipitation o f ferric ion with 
phytic acid in dilute acid solution and analysis of phosphorus or iron in the precipitate. 
The presumption was that the only source of phosphorus was phytic acid. In ferric 
phytate precipitation, another assumption was that complete precipitation of only IP6 
occurred. In reality, lower-phosphate esters (i.e., partially dephosphorylated phytic 
acids) were present in the ferric phytate precipitate assumed to represent only IP6. 
Because early analytical methods did not differentiate among the five intermediates, 
errors in calculating the amount of IP6 in a sample could be made (Lehrfeld 1989). 
More recently, partially phosphorylated inositols (phytate intermediates) have been 
identified and quantified by liquid chromatography (Sandberg and Ahderinne 1986; 
Dagher et al 1987; Lehrfeld 1989; Sanderberg and Svanberg 1991). Lehrfeld (1994) 
developed HPLC methods to identify and quantify inositol hexakis-, pentakis-, tetrakis-, 
and trisphosphates in 5-9 minute run times.
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When channel catfish are fed a diet containing phytase, phytate in the diet is 
hydrolyzed in the stomach. The manner in which phytase is dephosphorylated in the 
alimentary tract o f catfish fed phytase-supplemented diets has not been investigated. 
This study was conducted to determine how phytase supplementation of the diet affects 
production o f phytate intermediates in the stomach and intestine of catfish, and how this 
process impacts nutrient utilization.
4.2 Materials and Methods
4.2.1. Diets, Fish Husbandry, and Sample Collection
Diets (Table 4.1 and 4.2), fish husbandry, and fecal sample collection were the 
same as described in Chapter 3. In addition to the fecal samples collected, samples of 
stomach contents were collected, by dissection, after the digestibility trials.
4.2.2. Analysis of Inositol Phosphates
Diets, dried feces, and stomach samples were analyzed for inositol 
hexakisphosphate (IP6), inositol pentakisphosphate (IPS), inositol tetrakisphosphate 
(IP4), and inositol trisphosphate (IP3) by HPLC (Lehrfeld 1989; Lehrfeld 1994).
About 0.5 g of sample was added to 5.0 mL of 0.5 M .HC1 and sonicated for 1.5 
minutes. A 2.5 mL aliquot of this solution was diluted in 25 mL o f water and placed 
onto a silica-based anion exchange column (SAX, size 3 cc), which was then washed 
with 2 mL of 2 M HC1. The elutant was evaporated to dryness with a Savant Speedvac 
concentrator (Savant Speed Vac Plus AR SC 110AR, Savant Refrigerated Vapor Trap 
RVT 400, and Savant Gel Pump GP 110) at 40°C. The residue was dissolved in an 
ultrasonic bath for 6 minutes in a buffer solution composed o f 1.6 mL of 
tetrabutylammonium hydroxide (TBNOH, 40% w/w solution water), 0.2 mL o f 5 M
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Table 4.1. Nutrient requirements o f channel catfish and nutrient content o f the 
experimental diets.
Nutrient Unit Requirement TC3 T l-T 6b
Protein % 26-32 28 28
Digestible energy kcal/g protein 8—10 9 9
Fat % <6.0 3.93 3.93
Available phosphorus % 0.3-0.4 0.45 0.16
Total phosphorus (P) % Not required 1.01 0.57
Total zinc ppm 200 200 53.37
Available lysine % o f protein 5.1 5.8 5.8
Available lysine % o f diet 1.43 1.61 1.61
Available methionine (Met) % o f protein 2.3 1.3 1.2
Available methionine (Met) % o f diet 0.26 0.37 0.34
Available cysteine (Cys) % o f protein Not required 1.3 1.3
Available Met + 60% Cys % o f protein 2.3 2.1 2.0
Available Met + Cys % o f diet 0.65 0.73 0.71
Available arginine % o f protein 4.3 6.9 7.1
Available histidine % o f protein 1.5 2.3 2.4
Available isoleucine % o f protein 2.6 3.6 3.6
Available leucine % o f protein 3.5 6.9 7.0
Available phenylalanine (Phen) % o f protein 5.0 4.2 4.4
Available tyrosine (Tyr) % o f protein Not required 3.0 3.0
Available Phen+ 50% Tyr % of protein 5.0 5.7 5.9
Available threonine % o f protein 2.0 3.3 3.3
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(Table 4.1 continued)
Nutrient Unit Requirement TC T1-T6
Available tryptophan % of protein 0.5 l.l 1.1
Available valine % o f protein 3.0 4.3 4.3
Calcium (Ca) % Not required 0.82 0.16
Ca/P ratio Not required 1.8 1.0
Cobalt ppm 0.05 0.05 0.05
Iodine ppm 2.4 2.4 2.4
Selenium ppm 0.1 0.45 0.33
Manganese ppm 25 71.09 69.12
Iron ppm 30 133.55 114.81
Copper ppm 5 18.53 19.16
Thiamin ppm 5.5 11.17 11.00
Riboflavin ppm 13.2 15.38 15.31
Pyridoxine B6 ppm 11 16.35 16.28
Pantothenic acid ppm 35 47.04 47.30
Nicotinic acid ppm 22 62.48 58.94
Folic acid ppm 2.2 2.86 2.87
Vitamin B12 ppm 0.01 0.016 0.01
Vitamin A lU/kg 1,000 2,200 2,200
Vitamin D3 lU/kg 500 1,100 1,100
Vitamin E ppm 30 61.46 60.49
Vitamin K ppm 4.4 4.46 4.46
Vitamin C ppm 50-100 250 250
a Nutritionally complete diet. 
b All-plant-protein diets.
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Table 4.2. Ingredient composition o f the experimental diets. Values are percent o f diet, 
as-fed, except as noted.
Diet
Ingredient TC T1 T2 T3 T4 T5 T6
Soybean meal (49% CP) 40.8 48.6 48.6 48.6 48.6 48.6 48.6
Com, grain 25.0 25.0 25.0 25.0 25.0 25.0 25.0
Wheat middlings 24.2 21.6 21.6 21.6 21.6 21.6 21.6
Fish meal, menhaden 5.0
Chromic oxide 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Cellulose 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Carboxymethylcellulose 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Vitamin premixa 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Mineral premixb 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Fish oil, menhaden 1.1 1.5 1.5 1.5 1.5 1.5 1.5
Dicalcium phosphate 1.4 1.4 1.4 1.4 1.4 1.4 1.4
Zinc sulfate heptahydrate 0.06
Phytase (units/kg diet) 0 0 500 1,000 2,000 4,000 8,000
a Meets vitamin requirements of channel catfish (Robinson and Li 1996). 
b Meets mineral requirements of channel catfish (Robinson and Li 1996).
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sulfuric acid, and 0.1 mL of formic acid (91%) in 100 mL o f methanol-water solution 
(SI.5%). The solution was centrifuged at 12,000 rpm for 10 minutes and the 
supernatant was analyzed for inositol phosphate (IP6, IPS, IP4, and IP3) concentrations 
by HPLC (Figure 4.2).
The HPLC system consisted of a Waters pump (Model 510; Waters Co., Milford, 
MA), Waters 410 refractive index detector, Waters 71S ultra-wisp sample processor, 
and a polymer-resin based, reversed-phase (PRP-1) column (150 x 4.1 mm, Hamilton 
Co., CA). The mobile phase consisted of 430 mL o f acetonitrile, 570 mL of 0.035 M 
formic acid, and 10 mL of TBNOH, adjusted to pH 4.3 with 72% sulfuric acid. The 
mobile phase was pumped through the PRP-1 column at room temperature at a rate of 
1.5 mL/min. Sodium phytate was used as a standard (Figure 4.3) through a range of 
concentrations from 0.5 to 16 mg phytic acid/mL (Figure 4.4). Concentrations of IP3- 
IP5 were calculated with correction factors from Sandberg and Ahderinne (1986) of 1.1,
1.5, and 2.4 for IPS, IP4, and IP3, respectively.
4.2.3. Statistical Analysis
Data were analyzed by ANOVA and Tukey’s studentized range test. Differences 
in treatment means were considered significant at P < 0.05.
4.3. Results
4.3.1. Phytate and Phytate Intermediates in Diets
Phytate and phytate intermediates (IP6, IP5, IP4, and IP3) were separated by 
reversed-phase HPLC and show four peaks (Figure 4.5).
Total phytate was higher (P  < 0.05) in the TC and T l diets (6.78 and 6.86 mg/g), 
which had no phytase supplementation, than in diets T2-T6, which were supplemented
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A. Sample (0.5 g sample in 5.0 mL o f 0.5 M HC1)
^  Sonicate 1.5 minutes
B. Suspension
^  Centrifuge at 15,000 rpm for 15 minutes
C. Supernatant (Discard Residue)
1. Dilute 2.5 mL with 22.5 mL water
2. Pour onto SAX column
3. Wash with 10 mL of 0.05 MHC1
▼
D. SAX Column (Loaded with IP6, IP5, EP4, IP3)
^  Elute column with 2 mL o f 2.0 M HC1
E. Eluted sample (Contains IP6, IP5, IP4, IP3)
^  Dry with Savant speedvac concentrator at 40 °C
F. Residue (Contains IP6, IP5, IP4, IP3)
1. Dissolve in 0.25 mL of buffer solution
2. Centrifuge at 12,000 rpm for 10 minutes
▼
G. Supernatant (Sample for HPLC analysis; contains IP6, IP5, IP4, IP3)
Figure 4.2. Scheme for sample extraction and purification o f phytate and phytate 
intermediates.
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Figure 4.3. Reversed-phase HPLC o f sodium phytate standard.
55
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5.0 -I












2 10 12 14 16 180 4 86
Phytic acid (m g/m L)
Figure 4.4. The standard calibration curve: correlation between integrated values of 
refractive index (RI) detector response and concentration o f phytate.
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Figure 4.5. HPLC chromatogram of phytate intermediates from all-plant-protein diet 
(T l) without phytase supplementation.
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with 500-8,000 FTU/kg diet (Table 4.3). Total phytate levels in diets T4-T6 (2,000- 
8,000 FTU/kg diet, respectively) were significantly lower than in diet T2 (500 FTU/kg 
diet). Total phytate in diet T3 (l,OOOFTU/kg diet) was intermediate to levels in T2, and 
T4—T6. Levels o f IP6 and IP4 were significantly higher in the unsupplemented (TC and 
T l) diets than in diets containing 1,000 FTU/kg diet, or higher, o f supplemental phytase 
(T3-T6; Table 4.3). Levels o f IPS did not differ (P  > 0.05) among diets. Levels o f IP3 
tended to be highly variable, with no trend related to level o f phytase supplementation. 
It appeared that phytase supplements began to break down phytate during the diet 
preparation process.
4.3.2. Phytate and Phytate Intermediates in Stomach Samples
Concentrations o f total phytate and phytate intermediates in stomach samples 
tended to be inversely related to the amount of phytase in the diet (Tables 4.4 to 4.8). In 
most cases, after four hours, there was no significant reduction in concentrations of 
phytate (IP6) and phytate intermediates (IP5-IP3), regardless o f the amount of phytase 
in the diet (Tables 4.4 to 4.8). This appeared to be related to the fact that most of the 
phytate in the diets was degraded within a few hours after ingestion.
Total phytate concentrations in the unsupplemented diets (TC and T I) were not 
reduced from initial levels after 12 hours in the stomach (Figure 4.6). Concentrations of 
IP6 in the TC and Tl diets decreased slowly with residence time in the stomach. 
Twelve hours after ingestion, IP6 levels in stomach samples were 49% and 40% of 
initial IP6 in diets TC and T l (Figure 4.7), respectively, indicating breakdown o f IP6 to 
less phosphorylated forms.
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Table 4.3. Concentrations of total phytate and phytate intermediates in seven 
experimental diets. Values in each column with different superscripts are significantly 
different (P <  0.05).
Inositol phosphates (mg /g) 
Phytase Cone. ---------------------------------------------------------
Diet (FTU/kg) Total IP6 IP5 IP4 IP3
TC 0 6.78 ± 0.37a 4.78 ± 0.68a 1.33 ± 0.44a 0.53 ±0.12* 0.15±0.04bc
Tl 0 6.86 ± 0.70a 4.70 ± 0.70a 1.29 ± 0.43a 0.63 ±0.16* 0.24 ± 0.08*bc
T2 500 5.54 ± 0.62b 3.92 ± 0.54ab 0.99 ± 0.36* 0.27 ± O.I4b 0.36 ± 0.25*
T3 1,000 5.04 ± 0.65bc 3.57 ± 0.70b 1.00 ±0.42* 0.21 ±0.12b 0.26 ± 0.15*b
T4 2,000 4.51 ±0.54c 3.25 ± 0.47b 0.96 ± 0.3 7a 0.17 ± 0.10b 0.13±0.07bc
T5 4,000 4.62 ± 0.39c 3.42 ± 0.60b 0.95 ± 0.26* 0.19 ± 0.08b 0.05 ± 0.02c
T6 8,000 4.30 ± 0.3 lc 3.00 ± 0.43b 0.96 ± 0.25* 0.25 ±0.1 l b 0.15±0.09bc
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Table 4.4. Concentrations o f total phytate and phytate intermediates in stomach samples
of channel catfish 2 hours after feeding. Values in each column with different
superscripts are significantly different (P < 0.05).
Inositol phosphates (mg/g)
Diet (FTU/kg) Total IP6 IP5 IP4 IP3
TC 0 7.23 ± 1.28* 3.56 ±0.54* 1.57 ±0.36* 1.45 ±0.26*b 0.65 ± O.B1*
Tl 0 7.53 ± 1.24* 3.34 ± 0.22* 1.66 ±0.17* 1.72 ±0.71* 0.81 ±0.38b
T2 500 5.08 ± 0.40b 1.63 ±0.50b 0.96 ±0 .15b 0.86 ± 0.34bc 1.63 ±0.39*
T3 1,000 3.43 ± O ^ 1* 1.06±0.43b 0.64 ± 0 .1 1*" 0.51 ±0.18cd 1.23 ± 0.54*b
T4 2,000 2.24 ± 0.59c 1.01 ±0.24** 0.51 ±0.09cd 0.23 ± 0.06“* 0.49 ± 0.20^
T5 4,000 0.42 ± 0.41d 0.20 ± 0.23* 0.12 ±0.14de 0.06 ± 0.04d 0.05 ± 0.03c
T6 8,000 0.27 ± 0.05d 0.02 ± 0.03d
©o+1© 0 .14±0.08cd 0.04 ± 0.00c
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Table 4.5. Concentrations o f total phytate and phytate intermediates in stomach samples
of channel catfish 4 hours after feeding. Values in each column with different
superscripts are significantly different (P  < 0.05).
Inositol phosphates (mg/g)
Diet (FTU/kg) Total IP6 IP5 IP4 IP3
TC 0 7.37 ± 0.61* 3.02 ±0.23a 1.47 ±0.18* 1.77 ± 0.25b 1.12 ±0.14b
Tl 0 7.64 ± 0.64a 2.79 ± 0.33a 1.37 ± 0.12* 2.17 ±0.26* 1.31 ±0.32*b
T2 500 3.50 ± 1.0 l b 0.76 ± 0.49b 0.54 ± 0.24b 0.54 ±0.19° 1.66 ±0.28*
T3 1,000 1.13 ± 0 .4lc 0.14 ± 0.06° 0.18 ± 0.04c 0.19 ±0.07d 0.62 ± 0.24c
T4 2,000 0.68 ± 0.23° 0.20±0.13bc 0.22 ± 0.09° 0.11 ±0.04d 0.15 ±0.05d
T5 4,000 0.50 ± 0.28c 0.17 ± 0.18c 0.17 ± 0.09c 0.08 ± 0.02d 0.08 ± 0.04d
T6 8,000 0.31 ±0.26c 0.09 ± 0 .15C 0.09 ± 0.1 lc 0.09 ± 0.02d 0.04 ± 0.02d
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Table 4.6. Concentrations o f total phytate and phytate intermediates in stomach samples
o f channel catfish 6 hours after feeding. Values in each column with different
superscripts are significantly different (P  < 0.05).
Inositol phosphates (mg/g) 
Phytase C one.-------------------------------------------------------------
Diet (FTU/kg) Total IP6 IP5 IP4 IP3
TC 0 6.63 ± 0.84* 2.87 ± 0.28“ 1.34 ±0.13* 1.49 ± 0.41b 0.92 ± 0.34b
Tl 0 7.41 ± 0.73* 2.31 ±0.19“ 1.22 ±0.03* 2.36 ± 0.44* 1.52 ±0.37*
T2 500 2.05 ± 1.03b 0.34 ± 0.47b 0.28 ± 0.19b 0.40 ± 0.2 l c 1.03 ±0.34“b
T3 1,000 0.59 ± 0.23bc 0.15 ± 0.15b 0.14 ± 0.06b 0.14 ± 0.04c 0.16 ± 0.09c
T4 2,000 0.55 ± O^O* 0.11 ±0.09b 0.12 ±0.07b 0.19 ± 0.1 ld 0.13 ± 0.10c
T5 4,000 0.16 ± 0.14c 0.03 ± 0.03b 0.03 ± 0.04b 0.03 ± 0.04c 0.07 ± 0.05c
T6 8,000 0.17 ± 0.10° 0.09 ± 0.02b 0.05 ± 0.03b 0.04 ± 0.06° 0.00 ± 0.00c
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Table 4.7. Concentrations o f  total phytate and phytate intermediates in stomach samples
of channel catfish 8 hours after feeding. Values in each column with different
superscripts are significantly different (P  < 0.05)._________________________________
Inositol phosphates (mg/g)
Diet (FTU/kg) Total IP6 IP5 IP4 IP3
TC 0 6.26 ± 0.36* 2.44 ±0.13* 1.13 ±0.08* 1.68 ± 0.16b 1.00 ± 0.14b
T1 0 6.92 ± 0.42* 1.91 ±0.44b 1.04 ±0.15* 2.43 ±0.16* 1.52 ±0.10*
T2 500 0.83 ±0.41b 0.09 ± 0.09c 0.16 ± 0 .l2b 0.24 ± 0.16° 0.35 ± 0.22c
T3 1,000 0.30 ± 0.40* 0.01 ±0.01c 0.04 ± 0.04b 0.08 ± 0.10C 0.18 ± 0.28°
T4 2,000 0 .1 8 ± 0 .1 l* 0.01 ±0.01c 0.05 ± 0.04b 0.06 ± 0.02c 0.06 ± 0.07c
T5 4,000 0.16 ± 0.18* 0.02 ± 0.03c 0.05 ± 0.07b 0.06 ± 0.07° 0.03 ± 0.03c
T6 8,000 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00b 0.00 ± 0.00c 0.00 ± 0.00c
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Table 4.8. Concentrations o f total phytate and phytate intermediates in stomach samples
o f channel catfish 12 hours after feeding. Values in each column with different
superscripts are significantly different (P < 0.05).
Inositol phosphates (mg/g)
Phytase Cone.-----------------------------------------------------------------------------------------
Diet (FTU/kg) Total IP6 IP5 IP4 IP3
TC 0 5.73 ± 0.43* 2.35 ± 0.24* 1.13 ±0.10’ 1.45 ±0.13b 0.80 ±0.18'
T1 0 5.90 ± 0.30* 1.90 ± 0.2 l b 1.06 ±0.01’ 1.92 ±0.34’ 1.03 ±0.18*
T2 500 0.32 ± 0.17b 0.00 ± 0.00c 0.04 ± 0.06b 0.10 ± 0.04° 0.18 ±0.07'
T3 1,000 0.01 ±0.01b 0.00 ± 0.00c 0.00±0.00b 0.00 ± 0.00c 0.01 ±0.01'
T4 2,000 0.01 ±0.02b 0.00 ± 0.00c 0.00 ± 0.00b 0.00 ± 0.00c 0.01 ±0.02'
T5 4,000 0.00 ± 0.00b 0.00 ± 0.00° 0.00 ± 0.00b 0.00±0.00c 0.00 ± O.OO1
T6 8,000 0.00 ± 0.00b 0.00 ± 0.00c 0.00 ± 0.00b 0.00 ± 0.00c 0.00 ± 0.001
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Figure 4.6. Total phytate in stomach samples o f channel catfish at different times 
after ingestion of TC and T l. Values in same diet group with different letters are 
significantly different (P  < 0.05).
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Figure 4.7. Percentages o f inositol hexakisphosphate (IP6) in stomach samples 
expressed as percent o f initial concentrations in TC and T1.
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Two hours after ingestion, phytase supplemented diets (T2-T6) contained 92%, 
68%, 50%, 9%, and 6% o f initial, total phytate concentrations. (Figure 4.8). Four hours 
after ingestion, total phytate levels in stomach samples were 63%, 22%, 15%, 11%, and 
7% o f initial concentrations in diets T2, T3, T4, T5, and T6, respectively (Figure 4.8). 
Eight hours after ingestion, total phytate levels in stomach contents had fallen to 6% or 
less o f initial levels in diets T3-T6, and 15% of initial concentration in diet T2, which 
contained the lowest level of phytase supplementation (Figure 4.8).
4.3.3. Phytate and Phytate Intermediates in Feces
Total phytate in fecal samples collected 8 hours after feeding was higher (P  < 0.05) 
in fish fed phytase unsupplemented diets (TC and T l) than in fish fed any o f the phytase 
supplemented diets (Table 4.9). Similarly, concentrations o f IP5 and IP4 were 
significantly higher in 8-hour fecal samples o f fish fed unsupplemented diets (TC and T l) 
than in those fed phytase-supplemented diets (Table 4.9). The level o f IP6 in feces 
was higher (P  < 0.05) in fish fed TC than in those fed T l or any diet containing phytase. 
IP6 concentration in fish fed T l was also significantly higher than in fish fed phytase- 
supplemented diets (T2-T6). Concentrations of IP3 in feces were highly variable among 
treatment groups, with no apparent trend related to diet (Table 4.9).
Twenty-four hours after feeding, total phytate concentrations and levels o f phytate 
intermediates IP3-IP6 were significantly higher in feces o f fish fed TC and T l than in 
feces o f fish fed any phytase-supplemented diet (Table 4.10). Concentrations o f total 
phytate (with one exception) and IP3-IP6 did not differ (P > 0.05) among phytase- 
supplemented diets (T2-T6) regardless o f the quantity o f phytase fed (Table 4.10). Fish
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Figure 4.8. Percentages of total phytate in stomach samples expressed as percent of 
initial concentrations in T2-T6.
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Table 4.9. Concentrations of total phytate and phytate intermediates in feces of channel
catfish 8 hours after feeding. Values in each column with different superscripts are
significantly different (P < 0.05).
Inositol phosphates in feces (mg/g)
Diet (FTU/kg) Total IP6 IP5 IP4 IP3
TC 0 10.79 ± 0.65a 5.01 ±0.10a 2.28 ± 0.45a 2.82 ± 0.78a 0.67 ± 0.67b
Tl 0 10.53 ±0.65a 4.23 ± 0.05b 1.88 ± 0.34a 2.51 ±0 .35a 1.91 ±0.01a
T2 500 3.47 ± 0.26b 0.96 ± 0.20c 0.64 ± 0.06b 0.77 ± 0.07b 1.10 ± 0.05ab
T3 1,000 1.29 ± 0.92° 0.17 ± 0.25d 0.31 ±0.23b 0.21 ±0 .05b 0.59 ± 0.40b
T4 2,000 l.90±0 .08bc 0.51 ±0.03“* 0.22 ± 0.00b 0.31 ±0 .01b 0.86 ± 0.06*
T5 4,000 0.67 ± 0.26c 0.19 ± 0.l5d 0.14 ± 0.02b 0.11 ± 0.04b 0.24 ± 0.05b
T6 8,000 0.50 ± 0.52c 0.17 ± 0.23d 0.11 ± 0 .l5 b 0.06 ± 0.09b 0.17 ± 0.04b
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Table 4.10. Concentrations o f total phytate and phytate intermediates in feces of
channel catfish 24 hours after feeding. Values in each column with different
superscripts are significantly different (P  < 0.05).
Inositol phosphates in feces (mg/g)
Diet (FTU/kg) Total IP6 IP5 IP4 IP3
TC 0 11.57 ± 0.23b 3.17 ± 0.32b 2.22 ± 0 .12a 4.98 ± 0.32a 1.20 ± 0.19b
Tl 0 12.81 ±0.53a 3.90 ± 0.30a 2.09 ± 0.18a 3.72 ± 0.32b 3.10 ± 0.72a
T2 5,00 0.61 ± 0.47”* 0.09 ± 0.1 l c 0.09 ± 0.09b 0.23 ± 0.13c 0.19 ± 0.15C
T3 1,000 0.85 ± 0.07c 0.10 ± 0.03c 0.14 ± 0.06b 0.29 ± 0.05c 0.32 ± 0.1 lc
T4 2,000 0.65 ± 0.18cd 0.12 ±0.10c 0.17 ± 0.05b 0.11 ±0.02c 0.25 ± 0.06°
T5 4,000 0.03 ± 0.03d 0.00 ± 0.00c 0.00 ± 0.00b 0.00 ± 0.00c 0.03 ± 0.03°
T6 8,000 0.04 ± 0.00d 0.00 ± 0.00c 0.00 ± 0.00b 0.00 ± 0.00c 0.04 ± 0.00c
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fed the unsupplemented, all-plant-protein (T l) diet also had a greater quantity of total 
phytate, IP6, and IP3 in 24-hour fecal samples than fish fed TC (Table 4.10). There was 
a trend toward higher (P < 0.05) levels o f total phytate and phytate intermediates in 
feces o f fish fed the unsupplemented (TC and T l) diets, relative to the amounts of 
phytate compounds in the diets themselves (Figures 4.9 to 4.13). This result might have 
been related to the fact that indigestible phytate in the unsupplemented diet could be 
expected to increase in the feces as digestible material in the diets was absorbed from 
the gut. The trend toward reduced (P < 0.05) concentrations o f total phytate and phytate 
intermediates in phytase-supplemented diets (Figures 4.9 to 4.13) indicates that phytate 
was degraded in the gut by the action of phytase.
4.4 Discussion
Given the temperature, moisture, and pH requirements for phytase activity, the two 
most probable sites for substantial phytate degradation are the diet mash during 
preparation o f the feed and the catfish stomach. The maximum activity o f Natuphos™ 
phytase occurs at about 60°C at an optimal pH of 2.5 or 5.5. The presence of moisture 
also facilitates phytase activity. During diet preparation, phytase was added to the 
water that was mixed with the diet ingredients. Diet temperature during preparation 
was 20-25°C and pH was approximately 6.5. At pH 6.5, the activity o f Natuphos™ 
phytase drops significantly. Below 20°C, the activity o f Natuphos™ phytase drops to 
near zero (BASF 1996). Neither temperature nor pH was optimum for phytase activity 
during diet preparation and the low moisture content o f dried pellets would not be 
conducive to phytase activity in the finished diet. So phytate degradation during diet 
preparation was slow. Conditions could be expected to be considerably better in
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Figure 4.9. Total phytate in diets and associated feces at 8 and 24 hours after 
feeding. Values in same diet group with different letters are significantly different 
(P < 0.05).
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■  Diets
□  8 hours feces
□  24 hours feces
TC Tl T2 T3 T4 T5 T6
Figure 4.10. Inositol hexakisphosphate (IP6) in diets and associated feces at 8 and 24 
hours after feeding. Values in same diet group with different letters are significantly 
different (P < 0.05).
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□  8 hours feces
□ 24 hours feces
a  l.oo
0.50 -
Tl T2 T3 T4 T5 T6
Figure 4.11. Inositol pentakisphosphate (IP5) in diets and associated feces at 8 and 
24 hours after feeding. Values in same diet group with different letters are 
significantly different (P < 0.05).
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□  8 hours feces
□ 24 hours feces
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Tl T2 T3 T4 T5 T6
Figure 4.12. Inositol tetrakisphosphate (IP4) in diets and associated feces at 8 and 24 
hours after feeding. Values in same diet group with different letters are significantly 
different (JP < 0.05).
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E3 8 hours feces 
□ 24 hours feces
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TC Tl T2 T3 T4 T5 T5
Figure 4.13. Inositol trisphosphate (IP3) in diets and associated feces at 8 and 24 
hours after feeding. Values in same diet group with different letters are significantly 
different (P < 0.05).
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the catfish stomach. The channel catfish has a gastric stomach with pH of 
approximately 2-4 (Robinson and Wilson 1985). Water temperature in the culture 
systems of this study was maintained at about 30°C. Both o f these factors could 
facilitate phytate hydrolysis in the stomach. In addition, when fish were switched to a 
different diet, a small amount o f phytase might have remained in the stomach for a 
period o f time, during which it could have hydrolyzed phytate in the diets that had no 
phytase supplementation, or phytate could have been broken down by the action of 
naturally occurring phytase in the feed ingredients. Since the diets were cold-pelleted, 
it is possible that some o f  the feed ingredients retained some residual phytase activity.
Concentrations o f total phytate and phytate intermediates in feces of fish fed 
phytase supplemented diets were significantly lower than those o f fish fed diets without 
phytase supplementation (TC and Tl). Phytase hydrolyzed IP6 and phytate 
intermediates into less-phosphorylated compounds. There was a trend that eight-hour 
fecal samples from fish fed 1,000-8,000 FTU/kg diet had lower concentrations o f total 
phytate and IP6 than fish fed 0-500 FTU/kg diet. At 24 hours, there were no significant 
differences in phytate content of feces collected from fish fed any o f the experimental 
diets. This information, taken with results from the growth and digestibility study, 
supports the conclusion that 500 FTU/kg diet is a suitable phytase concentration for 
channel catfish diets.
Results o f this study suggest that phytate and phytate intermediates were 
hydrolyzed primarily in the channel catfish stomach in fish fed diets supplemented with 
phytase enzyme. The pH o f the catfish intestine, 7-9, precludes any phytase activity
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from occurring there because Natuphos™ phytase activity drops to almost zero at pH 7 
and above (BASF 1996).
The method used here to analyze phytate and its intermediates can separate IP3, 
IP4, IP5, and IP6, but not IP1 or IP2. More advanced methods might be used in future 
research to separate all phytate intermediates. The method employed in this study used 
only sodium phytate (IP6) as the calibration standard, because it would have been too 
expensive to make standards for each phytate intermediate (IP3-IP6). The lack o f a 
standard for each phytate intermediate could have been a source of some inaccuracy in 
quantitation.
In addition, the increased peak width o f more highly phosphorylated intermediates 
(Figure 4.5) suggests that there are isomers o f each phytate intermediate that are not 
completely separated by reversed-phase HPLC. These chemically similar compounds 
could be responsible for the increased peak width and peak tailing observed in the IP4, 
IP5, and IP6 separations (Figure 4.5).
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CHAPTERS
SUMMARY
Phosphorus is a mineral required by fish. Fish obtain phosphorus primarily from 
food. Because of the limited availability and high cost o f some feed ingredients o f 
animal origin, more plant ingredients are used in fish diets today than in the past. 
Phosphorus availability in plant ingredients is low because most o f the phosphorus 
present is in the form of phytic acid (phytate). Phytate phosphorus is not available to 
fish. Phytate complexes with other nutrients, such as protein and minerals, and can 
decrease their availability. Recently, phytase, an enzyme which releases phosphate 
from phytate, has become commercially available. Phytase has been successfully used 
in chicken and pig diets to improve phosphorus availability. Studies with fish, using 
phytase pre-treated ingredients or the addition o f phytase to the diets o f different 
species, also have produced positive results.
This study was conducted to determine the effects o f dietary phytase 
supplementation on growth, dietary protein and mineral utilization, and phytate 
degradation in channel catfish fed an all-plant-protein diet. Phytase supplementation 
(500-8,000 FTU/kg diet) did not improve weight gain, feed conversion ratio, or protein 
retention o f channel catfish. However, calcium, phosphorus, and manganese retention 
were improved by phytase supplementation at 500 FTU/kg diet or higher. A dietary 
phytase level of 1,000 FTU/kg diet or higher significantly increased magnesium 
retention. Zinc retention was significantly improved at the highest phytase 
supplementation level of 8,000 FTU/kg diet. Apparent digestibility o f crude protein and 
dry matter was not significantly improved by phytase supplementation, but digestibility
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of minerals was significantly increased. Concentrations o f phytate and phytate 
intermediates in feces were significantly decreased by phytase supplementation of the 
diet at levels o f 500 FTU/kg diet or higher. Higher levels o f dietary phytase in diet 
produced lower levels o f phytate and phytate intermediates in feces. Phytate was 
degraded mainly in the channel catfish stomach where the pH is favorable for phytase 
activity. Based on the results of this study, phytase supplementation of an all-plant- 
protein diet at a level o f 500 FTU/kg diet is sufficient to increase availability and 
retention o f some dietary minerals, especially phosphorus. Levels of phytase 
supplementation above 500 FTU/kg diet did not produce significant benefits beyond 
those observed with 500 FTU/kg diet, although levels below 500 FTU/kg diet were not 
tested and effective lower levels might exist.
Results indicate that phytase supplementation significantly improved dietary 
phosphorus availability, which is the primary reason for phytase supplementation. 
Future studies should be conducted with channel catfish in commercial ponds to 
determine the effects o f phytase supplementation on diet cost, fish production, water 
quality, economic returns, and environmental benefits.
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